We compared changes in the appearance of a test region caused by introducing an inhomogeneous chromatic background to changes caused by a space-averaged equivalent uniform background. Subjects adjusted a test field presented on a CRT so that it appeared neither reddish nor greenish. Sparse "white" or "green" dots, randomly scattered throughout a "red" background field, caused a large decrease (up to 15 nm) in the dominant wavelength of the red/green equilibrium setting, compared to measurements with a uniform "red" background. A uniform background with the same space-averaged chromaticity and luminance as the complex background had an effect similar to the uniform "red" background. These results contradict theories of color constancy that rely on the "gray world" assumption, and indicate the significance for color perception of individual chromaticities within discrete, noncontiguous regions.
INTRODUCTION
A convincing demonst~ration that color perception depends on interactions among different areas in a scene is to look through a soda straw. One notices that the color appearance of any isolated patch of a scene is altered from its appearance when the scene is viewed naturally. Studies of the effect of one light on the appearance of another often have used simple, homogeneous stimuli, such a,; a uniform test patch with a uniform background or surround (for review see Wyszecki, 1986) . In doing so, these previous studies (e.g. Shevell & Wesner, 1989 ) have explored only a small subset of visual experience. Extended areas of uniform chromaticity are not common in natural scenes. An open question is whether principles of chromatic adaptation and induction found with simple stimuli apply to complex scenes.
Investigators interested in color constancy generally have used more complex stimulus arrays and have emphasized the distinction between reflectance and illuminance components of the visual stimulus. Computational theories of color constancy assume that the visual system functions to recover spectral reflectance of a surface by taking account of the spectral distribution of the illumination. As reflectance cannot be recovered unambiguously from receptoral quantal absorptions, these theories :invoke specific assumptions (for review see Pokorny, Shevell & Smith, 1991) . Some computational theories of color constancy employ the space-averaged chromaticity, or some other spatially weighted averaging across the scene, as a reference value to estimate illumination (Helson, 1938; Buchsbaum, 1980; Valberg & Lange-Malecki, 1990) . Using the chromaticity of the average light from a scene to estimate the illuminant implicitly invokes the "gray world" assumption: the average spectral reflectance function of the scene is chromatically neutral. Physiologically, this averaging could be accomplished through an average adaptation state set by spatial integration over large retinal regions, or by local retinal stimulation time-averaged across eye movements (Brill, 1978; D'Zmura & Lennie, 1986; Fairchild & Lennie, 1992) . A central problem for understanding both chromatic adaptation and color constancy is the influence of remote lights in a scene, especially when the background is more complex than a single uniform region. There is no question that appearance of a test patch is influenced by light some distance away from it. A visual stimulus in a noncontiguous remote region (context) can affect the color appearance of a light in a different way than the same stimulus presented in a contiguous region (contrast), so that a given stimulus may have different effects depending on whether it is adjacent to the test patch or remote from it (Alpern & David, 1959; Creutzfeldt, Lange-Malecki, & Wortmann, 1987; Wesner & Shevell, 1992 , 1994 . The responses of P-pathway cells in the LGN are affected by remote stimuli and these cells may provide a neural substrate for understanding the psychophysical results (Valberg, Lee, 798 JAMES W. JENNESS and STEVEN K. SHEVELL Tigwell & Creutzfeldt, 1985; Valberg, Lee, & Creutzfeldt, 1991) .
As an extension of work by Shevell (1992, 1994) we investigate here some fundamental questions about color appearance under chromatic adaptation to non-uniform backgrounds. Can the distinct elements composing an inhomogeneous background be combined in a simple way to determine the appearance of a focal area? For example, we consider whether the spaceaveraged light of the entire background determines color appearance. This is an example of a combination rule that acts on the physical background stimulus (and is equivalent to physically mixing the light). Alternatively, an inhomogeneous background composed of two distinct elements may have an effect on color appearance that is a combination of the effect of each element alone.
This combination rule operates on neural processes, not light.
As in previous work (Wesner & Shevell, 1992 , 1994 , we measured the change in color appearance caused by increasing the number of distinct chromaticities present in a background field from one (uniform background) to two (complex background). In the complex backgrounds used here, a small fraction (5%) of the total area of the uniform background is replaced by randomly scattered contextual elements ("dots") of another chromaticity. This type of contextual stimulus has advantages over simple ring arrangements because (1) the background area is not spatially segregated by the contextual elements; (2) the contextual elements are not confined to any specific distance away from the test region; and (3) the contextual elements have spatial proximity to all regions of the background field. We find that dots, which by themselves produce only very small shifts in color appearance of the test field when presented on a dark background, can have a large influence on the appearance of the test when they are presented within a chromatic background. In some cases, adding sparse chromatic context neutralizes or even reverses the adapting effect of the chromatic background. This finding cannot be accounted for by the small change in the space-averaged chromaticity and luminance caused by introducing the sparse contextual elements.
METHODS

Subjects
All subjects except for JJ (one of the authors) were University of Chicago students who were not familiar with the purpose of the experiments. They were paid for their participation. All subjects were younger than 30 yr old and had normal color vision as determined by Rayleigh matching on a Nagel anomaloscope, and by standard pseudoisochromatic plate tests. Two of the subjects, who were mildly myopic, wore untinted spectacle lenses during the experiments. The most extreme correction was -2.25 D sph.
Apparatus
Stimuli were generated with a Pixar II image processing computer and displayed either on a Pixar/Sony color monitor (for JJ and DS) or on a Nanao T560i color monitor (AR). Most of the measurements here for subjects JJ and DS were obtained with the Sony monitor, but both subjects repeated some conditions using the Nanao monitor and produced virtually identical results. Subjects viewed the CRT screen monocularly. Stimuli were viewed through the natural pupil in all experiments except for control conditions where an artificial pupil was used. A constant viewing distance of 1.18 m and stable head position were maintained with a chin and forehead rest.
Stimuli
In order to reduce the influence of the test field on the state of adaptation the test area was small: a thin annulus (39 min arc i.d.-55 min arc o.d.) composed of a mixture of light from the red and green phosphors of the CRT. In separate sessions, the test ring was presented either (i) on a dark background; (ii) on a uniform "red" background; or (iii) on a complex background in which 5% of the area of the uniform background was replaced by small contextual elements. Figure 1 is a schematic representation of the test ring presented on a "red" background with inserted dark regions (context). The "red" background was composed of light from the red phosphor of the CRT (CIEI931 chromaticity x = 0.62, y = 0.33) and had a luminance of 4.5 cd/m 2. It provided a retinal illuminance of about 50 td based on effective pupil-size estimates given by LeGrand (1968) .
In some conditions sparse contextual elements ("dots") were inserted into the background instead of the dark regions in Fig. l . For each daily session, the "dots" were distributed randomly throughout the background both inside and outside of the test region. They were positioned with the constraint that they could In separate experiments these contextual regions were either "green" or achromatic. Each "dot" had twice the luminance of the background and in total, they replaced 5% of the background area.
overlap neither the test field nor each other. Each "dot" covered a square area of 2 x 2 pixels (on Sony monitor) or 3 x 3 pixels (on Nanao monitor) and subtended approx. 2 min arc in diameter. The contextual elements, in total, covered 5% of the area of the "red" background and had twice its luminance. From pilot experiments and from previous work (Wesner & Shevell, 1992) we expected that contextual elements more luminous than the background would have stronger effects on color appearance than would equiluminous context. The achromatic, "white" context had a CIE1931 chromaticity of x = 0.27, y = 0.28, and the "green" context, which consisted of light from only the green phosphor, had a chromaticity of x = 0.27, y = 0.58.
Procedure
In every background condition the test was presented as an increment. For a series of fixed incremental levels of the red phosphor component (At), the subject's task was to adjust the radiance of the green phosphor increment (Ag) until the test appeared neither greenish nor reddish. This adjustment was accomplished by pressing buttons on a computer mouse.
Different background conditions were run in different sessions in pseudo-random order. At the beginning of each session the subject dark-adapted for 5 min and then adapted to the background for an additional 5 min. Blocks of trials within a session, each with a different fixed level of Ar, were presented in random order. For each new block the subject first made a preliminary setting and then adapted to the whole display for an additional 2 min before proceeding with five more trials. The mean setting from these last five trials within each block was taken as the measurement for that block. In those blocks with low levels of Ar, a limited number of discrete (digital) gun val~aes resulted in large perceptual steps that sometimes skipped over the subject's red/green equilibrium point. Subjects were instructed to reject blocks in which none of the possible settings was satisfactory. Each condition was repeated at least twice on separate days. The mean and standard error of log Ag are calculated using the mean value for each block from repeated sessions.
In some experiments, a uniform background was set to the luminance and chromaticity of the space-averaged light in a "red" background with embedded contextual elements. This is equivalent to creating a uniform background by physically mixing all of the light from the "red" background and the contextual elements; it was calculated from the CIEI931 X', Y, Z tristimulus values of the background and contextual regions weighted by their areas. The space-averaged background corresponding to the "red" background (4.5cd/m 2) with 5% "white" context (9 cd/m 2) had a CIE193t chromaticity ofx = 0.58, y = 0.33 (4.73 cd/m2).
In a second series of experiments, "green" contextual elements were substituted for the "white" elements at approximately the same luminance. For these experiments, the light in the contextual points came from only the green phosphor of tlhe CRT. A new space-averaged background was used which corresponded to the spaceaveraged mixture of the "red" background with 5% "green" context. This background had a chromaticity of x = 0.60, y = 0.35 (4.73 cd/m2).
Each new subject performed approximately three practice sessions with a dark background and three sessions with a uniform "red" background. The main set of measurements was started after the standard errors from practice runs fell below 0.1 log unit. None of the practice measurements are included in the figures presented here.
Calibration
Spectroradiometric scans were measured for each phosphor individually at its maximum level using an International Light model IL1700/780 spectroradiometer. A standard lamp was used to determine spectral calibration of the monochrometer. Measurements were made at 0.83 nm intervals from 350 to 800 nm. Data from 400 to 800 nm were interpolated to one nanometer intervals, multiplied on a wavelength-by-wavelength basis by the CIE1931 .~,~, )7~, and ~ color matching functions, and summed to give CIE tristimulus values X, Y, Z for each phosphor.
The relation between the digital computer (gun) value sent to the Pixar manufacturer's linear look-up table and the radiance of light on the CRT was measured at 32 values for each of the three phosphors. A new look-up table was constructed to correct the small deviations from linearity that were measured. An absolute photometric calibration for full screen white (all guns at maximum) was done using an EG&G photometer with a temporal integrator measuring luminance-seconds over 10 sec bins. Linearity of the temporal integration measurement was confirmed by additional measurements taken over 5 sec bins. Absolute values were corroborated with a Minolta luminance meter (LS-100). This luminance meter, which has an acceptance angle of 1 deg, also was used to assess screen uniformity. Twelve sub-regions were measured throughout the "red" background. All measurements were within 2.5% of the mean, indicating good spatial uniformity. The amount of additional (stray) light in the test region that results from presenting contextual elements four times the luminance of those used in the present experiments was measured with the Minolta luminance meter fitted with a close-up lens. The largest increase within the test area due to introducing context was 0.04cd/m 2. These measurements were repeated with high and low luminance levels of the test field, and with "green"-only and "red"-only test components. Thus, introducing contextual elements in our experiments altered light in the test area by less than 0.01 cd/m 2 (0.04/4).
RESULTS
Sparse achromatic context
Measurements for two observers are shown in separate panels in Fig. 2 . The different symbols correspond to different background conditions. The x-axis shows the log luminance of the red-phosphor increment in the test ring, and the y-axis shows the log luminance of the green-phosphor increment. Measurements obtained with a uniform dark background (denoted by ~) are well described by a straight line with a slope of 1.0. This is consistent with previous studies which found that as test luminance is varied, a constant ratio of Ar:Ag (or constant wavelength) is required to maintain a neither reddish nor greenish appearance (Purdy, 1931; Jameson & Hurvich, 1951; Boynton & Gordon, 1965; Larimer, Krantz & Cicerone, 1974) . The dashed diagonals in Fig. 2 are lines of constant dominant wavelength corresponding to different test-mixture ratios. With a dark background, subjects set equilibrium mixtures with an approximately constant dominant wavelength, although the particular mixture ratio varied between subjects (JJ near 578 nm, DS near 585 nm).
When the test ring was superimposed on a uniform "red" background, less Ag was required for most levels of Ar, shifting to longer wavelengths the dominant wavelength of the test mixture appearing neither reddish nor greenish (0). These are typical results of long-wavelength adaptation (Shevell, 1978 (Shevell, , 1982 .
With sparse achromatic context randomly replacing 5% of the "red" background, the test ring appeared more reddish so that subjects required much more Ag in the test mixture (O). For some levels of At, introducing the achromatic context shifted the dominant wavelength of the equilibrium mixture by more than 15 nm toward shorter wavelengths (compare • and ,) .
Measurements from experiments in which the achromatic context was presented without the "red" background are shown by A in Fig. 2 . The achromatic regions on a dark background produce only a small shift in color appearance from results obtained with a uniform dark background.
For both subjects, some measurements with the "red" background and "white" context (O toward left of each plot) lie outside the envelope of measurements with either a uniform "red" background or with a dark background and achromatic context (41' and A, respectively). The combination of the "red" background and achromatic regions, therefore, affects color perception in a way that cannot be predicted by combining their individual effects. Another observation from the same results is that the qualitative effect of the "red" background depends on the context. Compared to dark adaptation (O), subjects required less Ag when a uniform "red" background was present (shift toward greenness, 0) but at lower levels of Ar they required more Ag when the "red" background with achromatic context was present (shift toward redness, O).
A uniform background which had the same spaceaveraged light as the "red" background with "white" context yielded measurements that are nearly identical to those obtained with the uniform "red" background (il, 0, respectively). Measurements with the complex background (O) are quite different from those obtained with a uniform background composed of the spaceaveraged light.
Sparse green context .
The results with sparse "green" regions rather than achromatic regions are similar, except that the "green" context alone (on a dark background) caused a greater shift away from the dark-adapted measurements (Fig. 3) . At the lower test-luminance levels, measurements with the "green" context and "red" background (0) lie outside the envelope of values obtained with either the "red" background or "green" context alone (#, A, respectively). The uniform background with the same space-averaged light as the "red" background with "green" context yielded measurements that are similar to those obtained with the uniform "red" background, and quite different from those obtained with the complex background (cf.
• to • and to Q). Agreement between the two subjects' results in Fig. 3 is very good, as in Fig. 2 .
Control experiments
Luminance contrast and texture. As a control experiment, dark regions rather than achromatic or "green" contextual regions were inserted into the "red" background (as in Fig. 1 ). Measurements from this condition are shown by V in Fig. 4 . Despite the increased texture and large number of luminance edges FIGURE 4. Control experiments• Open symbols represent measurements taken with the natural pupil and corresponding solid symbols represent measurements with the 4.2mm artificial pupil• Upward pointing triangles, "green" context on dark background; downward pointing triangles, "red" background with 5% dark contextual regions; circles, "red" background with 5% "green" context; diamonds, "red" background with 5% "red" context. Compare to uniform "red" background measurements (I-1) replotted here from Fig. 3 .
in the background, which are comparable to the backgrounds with "white" or "green" contextual elements, inserting "black dots" had little effect on color appearance. These results are nearly identical to measurements with a uniform "red" background (replotted here as U]). As an additional control, observers AR and JJ made measurements with "red" dots inserted in the "red" background. The "red" contextual elements had the same chromaticity as the "red" background and the same luminance as the "green" and achromatic context described previously. Measurements for JJ from a single session are shown by ~ in Fig. 4 . For both subjects the addition of "red" contextual elements to the "red" background produced equilibrium settings at lower Ag values than were obtained with the uniform "red" background. This shift in appearance is in the opposite direction to that produced by adding the achromatic or "green" contextual elements, and therefore shows that the chromaticity of the context is critical for the shifts in color appearance seen in Figs 2 and 3. From these experiments we conclude that achromatic or "green" contextual regions do not affect color appearance when inserted in a "red" background by simply reducing the amount of long-wavelength light in the background, or by adding luminance edges or "texture".
Pupil size. Figure 4 shows also the results of experiments that test whether adding the more luminous contextual elements to the display may have affected the measurements by simply causing a reduction in the size of the subject's pupil. A reduction in pupil size would reduce the retinal illuminance from the "red" background and thus might reduce the adapting effect of the background.
For these experiments, JJ's pupil was fully dilated with one drop of 1% Mydriacyl. He viewed the CRT screen through an artificial pupil with a diameter of 4.2 mm. According to LeGrand (1968) 
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FIGURE 5. Replication with Maxwellian-view optical system. Similar experiments were performed with the same subject on the CRT system and on a Maxwellian-view optical system. Despite differences in the chromaticity of the stimuli, similar results were obtained.
• uniform "red" background; • "red" background with 5% achromatic context; O test alone on a dark background.
natural (variable) pupil (4.5 cd/m 2 background). Experiments were repeated with the fixed pupil for the following conditions: (i) dark background with "green" context (upward pointing triangles); (ii) "red" background with "green" context (circles); and (iii) "red" background with dark contextual regions (downward-pointing triangles). In Fig. 4 the open symbols represent measurements taken with the natural pupil; corresponding solid symbols are measurements with the fixed artificial pupil. The measurements taken with the fixed pupil are nearly identical to those collected when viewing the same backgrounds with the natural pupil. We conclude that the changes in color appearance caused by inserting the more luminous contextual elements in the "red" background cannot be due to a reduction in pupil size. Replication using a Maxwellian-view optical system. To insure that our measurements do not depend on any artifact of our CRT system, two naive subjects, AR and JW, performed similar experiments using both the CRT and a Maxwellian-view optical system. The optical system has been described previously (Shevell & Humanski, 1988) . The experiments with the two systems were conducted as similarly as possible with respect to temporal and spatial variables. The retinal illuminance in the Maxwellian-view system was set according to LeGrand's (1968) estimates, which take account of pupil size and receptoral directional sensitivity. The two sets of stimuli differed in their spectral composition. In the optical system (OS), the "red" background and the Ar and Ag components of the test mixture were obtained with narrow-band interference filters with transmission peaks at 660, 660, and 549 nm, respectively. The achromatic contextual elements were composed of a broadband spectral distribution which had the chromaticity of the UV-filtered tungsten-halogen source (x =0.44, y = 0.43). The contextual elements were defined by a field stop made from a high contrast photographic negative. The field stop was constructed so that the combined area of the clear "dots" was approx. 5% (as calculated from the amount of light transmitted). The contextual elements in these experiments were superimposed on the 660 nm background.
The CRT stimuli for observers AR and JW were modified from those for the other observers so the achromatic contextual elements were superimposed on the "red" background, rather than inserted. This made the stimuli more comparable to those presented with the optical system. AR's results are plotted in Fig. 5 . JW's results (not shown) were very similar. The left panel shows measurements using the CRT system, and the right panel shows results using the Maxwellian-view system. The results are plotted in terms of retinal illuminance, assuming a constant effective pupil area of 11.3 mm 2 for the CRT stimuli (LeGrand, 1968) . In both panels, ~ show measurements made with a dark background, and • show measurements with a uniform "red" background (~ 50 td).
• represent measurements obtained when 5% of the "red" background area was covered with sparse achromatic contextual elements (316 td). Despite differences between the two experiments in the spectral composition of the test stimuli, backgrounds, and contextual elements, the pattern of results in the left and right panels is similar. (As expected, the monochromatic 660 nm background causes greater chromatic adaptation than the broadband stimulus of the red phosphor.) From the similarity of these two independent sets of data we conclude that the color appearance changes we measure as a result of adding sparse contextual elements to a background do not depend on any possible artifact of the CRT system.
Appearance of the background
We considered whether color appearance changes in the test region, reported above, are associated with changes in the appearano~ of the background caused by introducing contextual elements. Observers DS and JJ viewed the CRT binocularly and matched the appearance of the "red" area of the complex background with achromatic context, on the right side of the CRT screen, to a uniform background presented on the left side of the screen. (In pilot experiments, subjects were instructed to match the overall color impression of the complex background rather than just the "red" region, but this did not affect the results.) A method of adjustment was used in which the observer controlled the chromaticity (along two dimensions) and the luminance of the uniform background. In three separate sessions, a total of 30 matches was set by each observer. The chromaticity and luminance that the observers set for the uniform background were always very close to the chromaticity and luminance of the "red" part of the complex background. The daily means were always closer to the chromaticity of the uniform "red" background than to the space-averaged chromaticity previously used as a background field (Fig. 2) . Overall, the presence of these contextual elements had very little effect on the appearance of the "red" background. As a control for possible effects of the complex field on the appearance of the adjustable matching field, JJ repeated the experiment with a haploscope, viewing the complex field with the right eye and the adjustable matching field with the left eye. The meaLsurements were nearly identical to the results with natural binocular viewing. We conclude that color appearance changes within the test region caused by introducing achromatic context are not due to a change in the color appearance of the "red" background field.
DISCUSSION
Sparse achromatic regions or "green" regions, but not dark regions, inserted into or upon a "red" background produce a large shift in the color appearance of a test field on the background. These results are qualitatively similar to measurements of the change in color appearance caused by introducing a thin achromatic annulus which occupied approx. 13% of the area of a "red" (660 nm) background (Wesner & Shevell, 1992) . In that study, as in the present experiments, achromatic context caused large shifts in color appearance toward the color of the background.
According to theories of color constancy that rely on the "gray world" hypothesis to estimate illumination, the space-averaged light over a scene should specify the effect of complex fields on color appearance. Contrary to this prediction, however, the uniform space-averaged background does not ihave the same effect on color appearance as a field that is chromatically and spatially complex.
If color appearance depends on the adapting level set by spatial integration over modestly large areas (a few degrees), perhaps by temporal integration across successive eye movements, then a complex background and the corresponding uniform space-averaged background should have a similar effect on color appearance. Instead, we find that they have very different effects. This result is consistent with other recent reports (Brown & MacLeod, 1991; Brown, 1993; Schirillo & Shevell, 1993; B/iuml, 1994) .
Combining the individual effects (rather than the individual physical lights) of the chromatic background presented alone and the contextual elements alone also fails to account for the effect of presenting together the contextual elements and background. At lower test levels, measurements with a "red" background containing sparse achromatic or "green" context consistently reveal a larger shift toward redness than combining the shifts measured with the background or contextual elements alone. This result is consistent with previous studies which have reported interactions among multiple inducing regions (Alpern & David, 1959; Jameson & Hurvich, 1961 , 1964 Brainard & Wandell, 1986; Creutzfeldt et al., 1987; Wesner & Shevell, 1992; Zaidi, Yoshimi, Flanigan & Canova, 1992; B/iuml, 1994) . Valberg and Lange-Malecki (1990) observed with large surface areas (3 x 3 deg test within a 33 x 33 deg surround) that some "equivalent" uniform surround has the same effect on color appearance as a complex Mondrian surround, when both are subjected to the same changes in illumination. Their experiment differs from ours in several ways. Their fields were much larger: our test and more than half of its background field would fall within their test region. Also, they measured color appearance at only one test-field level for each background. Our results at the highest test levels show that a complex surround has an effect closer, though not identical, to a uniform surround of space-averaged light (Figs 2 and 3 ). Most importantly, Valberg and LangeMalecki (1990) did not find that a Mondrian surround is equivalent to a uniform surround of space-averaged light. When they rearranged the locations of the elements composing the 33 x 33 deg surround, the appearance of the test changed substantially (their Fig. 7 ), which contradicts a space-averaged model. We agree on this point.
Their uniform surround was constructed by applying some spatial weighting function to the Mondrian surround (no weighting formula is specified). While the influence of remote elements may be inversely related to the distance from the focal area (Jameson & Hurvich, 1961; Valberg et al., 1985; Land, 1986; Blackwell & Buchsbaum, 1988 ), our conclusion is not affected by introducing a spatial weighting function because our complex background is the same (statistically) throughout the background area: a "red " background with 5% of 2 x 2 min arc elements randomly set to a different chromaticity. While our findings do not exclude the possibility that some uniform surround could be found to mimic a complex field for a given test chromaticity and luminance level, as suggested by Valberg and Lange-Malecki (1990) , recent results for brightness contrast show that in general no uniform surround is equivalent to a complex one (Brown & MacLeod, 1991; Schirillo & Shevell, 1993) .
The small shifts in color appearance that we measured with the achromatic context on a dark background are reminiscent of those found by Jameson and Hurvich (1967) in their study of the influence of fixation targets on color appearance. Our slightly "bluish-white" contextual elements presented alone cause a small shift in color appearance that is consistent with their report of "blue" fixation lights with a (flashed) 578 nm test light.
Relation to color constancy
The present results emphasize the importance of small, discrete regions for understanding color appearance and constancy. Changing the chromaticity of sparse contextual elements that occupy only 5% of a scene from "black" to "white", or from "red" to "green", can produce large shifts in color appearance.
Our measurements are consistent with a visual process that acts to partially discount the chromaticity of an inferred illuminant. Increasing the chromatic complexity of an otherwise long-wavelength field by adding achromatic or "green" contextual elements enlarges the range of chromaticities present, thereby restricting the range of possible illuminants to more neutral lights (Wesner & Shevell, 1992) . While a purely long-wave illuminant is a plausible interpretation for the uniform "red" background, adding regions of achromatic or "green" context (which have a significant amount of energy at short and middle wavelengths) makes a purely longwave illuminant implausible. On the other hand, inserting "red" context in a "red" background could reinforce an inferred long-wave illuminant, so that neural compensation for the illuminant would cause the test region to appear less reddish. Measurements with dark contextual elements, which show little effect on color appearance, are also consistent with the inferred illuminant interpretation. Dark regions normally represent areas of very low reflectance, so they provide little or no information about the illuminant. In this case, the computation of the inferred illuminant would remain the same, as does color appearance.
